JEuropaisches Patentamt 
European Patent Office ® Publication number: 0 1 92 1 68 

Office europeen dee brevets g *| 

® EUROPEAN PATENT SPECIFICATION 

® Date of publication of patent specification: 23.01 .91 (§) IntCI. 5 : C 12 Q 1/68 //C07H21/00 
(§) Application number: 86101725.9 
(§) Date of filing: 11.02.86 



Solution-phase dual hybridization assay for detecting polynucleotide sequences. 



€0 
CM 



Q. 

Ul 



Priority: 22.02.85 US 704130 



(§) Date of publication of application: 
27.08.86 Bulletin 86/35 



(§) Publication of the grant of the patent: 
23.01.91 Bulletin 91/04 



(§) Designated Contracting States: 
AT BE CH DEFRGBITULU NLSE 



) References cited: 
EP-A-0131 830 
EP-A-0139489 
EP-A-0145356 
EP-A-0159719 
GB-A-2126 964 

GENE, vol. 21, 1983, pages 77-85, NL; M. RANK! 
et al. : "Sandwich hybridization as a convenient 
method for the detection of nucleic acids in 
crude samples" 



@) Proprietor: MOLECULAR DIAGNOSTICS, INC. 
400 Morgan Lane 
West Haven, CT 06518 (US) 

(§) Inventor: Dattagupta, Nanibhushan 
470 Prospect Street 
New Haven Ct 06511 (US) 



Representative: Jesse, Ralf-ROdiger, Dr. et al 
Bayer AG Konzernverwaltung RP 
Patentabteilung 

D-5090 Leverkusen 1 Bayerwerk (DE) 



Note: Within nine months from the publication of the mention of the grant of the European patent any person may 
give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall 
be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been 
paid (Art. 99(1 ) European patent convention). 



Courier Press, Leamington Spa, England. 



EP 0 192 168 B1 

Description 



20 



25 



30 



The present invention relates to a novel way of running tests to determine the presence of particular 
nucleic acid sequences in test samples and to novel probes useful therefor 

5 a n n iI h a ti«n P Nr«/n, 0 i c Tc n0n ' 0Verlapp,n9 DNA probes for h Y bridi ««°n has been disclosed in PCT patent 
»nS h- , I' European P 8tent aPP«cation No. 0070687 and 0070685 (Homo). PCT No. 83/01459 

nSX? disc ose the application of two non-overlapping hybridization probes for the detection of a 

h!h 1 t P y A^ e0t, K e !? qUen ? a teSt samp,e - 0ne of the P robes is fixed *> a so"d support prior to 
,* £lfr. °t th ' S meth ° d ? ,iminates the P rob| e"> of electrophoretic separation of nucleic acids 
w before hybridization, the process is slow because of the heterogeneous phases utilized 

r-HiS? an JP ubUca * 0 1 No 0070685 discloses a homogeneous phase two probe assay with a non- 
bSSZSZZZ t m h th ° d - . Th,s w m « th ° d needS sophisticated equipment to monitor hybridization. The 
background cannot be eliminated because of brownian motion, some nonspecific reactions and because 

,s hX"~bes UnhybridiZ6d pr0bM presant in «**» is a'wavS very high com^S to Se 

is a^l?!" fi,edbut ' at f published ^ 159 719 describes a method of hybridization wherein the hybrid 
is attached to a matrix by forming a complex on the solid support. 

EuCrKtXXtio" *" probes ' one of which is immobiiized " is described in 

Eur Q ™in pIT? bete ;°9 enou s system involving two probes, one of which is immobilized, is described in 
DNA P rwa • ' * ppl ' cat,on No- 84 107 248 and Ranki et al, Gene 21 (1983) 77-85. The probes can be 
DNA, RNA, mixed nucleic acids or oligonucleotides. There are disclosed tests for particular nuclei acid 

ST&^^ , n ^ n l ,,e * "f a " 8mia ' f0r example ' b V contacting^ simp" w! two 
probes. The immobilized probe, otherwise identified as a separation probe, is immobilized on a suooort 

n S ft K tr °- 61 U L 0S iP* ° th8r Pr0b6 ' idenmed 38 the detect ion probe, caries a iTbel or ultimate as'ay 
Both probes include different nucleic acid fragments, both complementary to a different portico the test 

condZnc'L P ^ Se K nt m t6St 88mple - The sample and br ° bes are mixed, subjected to hyb idlzing 
S k 8 f am , P L e ?°" taina the ri 9 ht sequence, its nucleic acid will serve as a bridge beLeen he 
wo probes. Thereby the label of the labeled probe will become attached to the solid support The suonort 
is removed and then "read" for the presence of the label. support, me support 

resuJ h wit P hr^ e8 rrt, n n5 e the !?"!' 0 " the S °' id Support wi " ind,cate eithe <- a positive or negative 

result with regard to the condition to be detected. In addition to sickle cell anemia, the test can be for anv 

T£T- e ' 9 " . thalass ^ ml8 ' Ta V-Sachs, etc. An identical procedure can alsfba ToMowtd fo? 
the detection of bacteria or viruses in test samples. 

vm!?*?! SU i- h 5 r ° Ce8S produces satisfactory results, it is desired to speed up the diagnostic process 
Th « f'T' a T 9eS " 9 the hom 09aneous two probe assay noted herelnaboCT P ' 
to whS thilo 0 e °^ e °? a ? d advanta 9es are realized in accordance with the present invention pursuant 
Thta □rncSri ^Tk?^ k h ° mo 9aneous hybridization method coupled with a hybrid separation system 
S«rt P „°,„ c ,- abl8S h r br ! di ?at'on to occur rapidly and eliminates the background problem by 
selectively separating out the hybrids from the solution. The method requires only common laboratorv 
equipment to assay the post hybridization products. common laooratory 

oroblfe immnh^loS?^ " ^J? 8 ? homogeneously, i.e.. in solution, and subsequently the separation 
probe is immobilized and, with it. the detection probe, if in fact hybridization has taken place. Moreover the 
efficiency of the process of hybridization is higher in solution than in a hetereogeneous^siem 
, cJh.1 8 18 a ff°T£ 8h / d U8in9 8 se Pa ra tion probe which also carries a reactive site capable of tormina 
a stable covalent bond with a reaction partner. The reaction partner is provided in an immobSTrm 

im C m „ a h S . a ^ Ched ,-° 8 S0 " d SUpp0rt " Accordi n9'y' after hybridization, the solution is conSS wit thl 
immob.lized reaction partner to permit formation of a stable bond with the reactive site in thTseoTrat on 
probe the immobilized reaction partner is separated from the solution and SffSTS^SSS 
Thl IImIT"? the h ren J ain ' n 9 solution, or both, is assayed for the presence of the dtection prooe 
The solid support can be Sephadex gel, agarose, nitrocellulose, paper, plastic, etc. 
Preferably the detection probe is labeled with a detectable chemical group which can be radioactive 
ZllnZZtX t t he J ite ' and K anV ° f th0 f ° f European Patent Application N* SJ mSSS 

Sa^ 

Reactive Site/Reactive Partner Pairs 

for iSS« lly tT Pair ° f S ,b f an 5 88 " n be used for thls functlon which exhibits an appropriate affinity 
^ for interacting to form a stable bond, that is a coupling between the two which remains substantia^ Tr2 
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during the subsequent assay steps, principally separation and detection steps. The bond formed is a 
covalent bond. 

As for example, the separation probe can be modified to have reactive 
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COOH 
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P — 0 — H 
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OH 

residues. This can be accomplished in known manner. Using 5-allylamino UTP or 8-hexyl amino ATP and 
terminal deoxynucieotidyl transferase — NH 2 residues can be introduced at the 3' end of the separation 

25 probe. Using 4-thio UTP or 5-carboxy methyl UTP and TdT, — SH and —COOH residues can be introduced. 
Modified bases can also be introduced by nick translation. Alternatively a ligand can be covalently bound to 
the probe. The ligand can be the site of reaction. As for example a psorale an angelicin or azido ethidium 
with — NH a can be photochemically covalently bound to the probe and then modified via the reaction site in 
the ligand. A restriction enzyme digested fragment usually produces a 5' -phosphorylated end. A carbonyl 

30 residue can be produced by oxidation of a terminal ribose residue (can be introduced via TdT reaction). All 
these site or sites can be present in one or multiple units per separation probe. Once these residues are 
available known reactions can be used to form covalent linkage between these residues and an 
Immobilization medium e.g., solid particulate support having an —OH residue, or 
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25 All these activeted solid supports can be made by known reactions, 
immobilization 

The reaction partner to the reactive site on the separation probe is used in the present assav in an 
immobilized form that is. any suitable form that enables the reaction partner, and any ^omSonente of the 

TSTtZTVX hWe beC ° me aSSOCi8ted with the reaction by hrfKSK^MEiiK 

of the bond with the separation probe, to be subsequently isolated or separated from me reiS no 
mixture such as by centrifugation. filtration, chromatography, or decantig. A variety of comoos tions and 
configurabons of the immobilized reaction partner will thus be evidemand aval K. te^KSTln tS 
field. In general such include attachment to a solid support, polymerization or attechm^nt to L LSd 

55 zBs^rss^-*"" to a water * s -* ™«™ zszttsiss 

It is particularly preferred to employ a solid supportto which the reaction partner is attached orfixnd h„ 
Detection Systems 

nf .h?H ? *? 9 VarietY - ° f ™ thods ** used in the present invention for determining the presence 
to Pr0be A" 6 Se « Par8ti0n imm °bilized fraction or in the remaining reacSo soluS "in order 

SLSfiSl 8SSaV - °?! ? f °. rdinar Y ski » in th * a" can choose from any conventiona l ™ans fo 

the Sno 'S^mS^T^ T? 1 the deteCti ° n pr ° be and ,he se < uanca to 2*25 and 
™!rSfn ?£ P T nCe ° f t , he l detect,on Probe in the immobilized phase or its reduced presence in the 
reaction mixture. In general, the detection step will be based on the use of a labeled form St£ StllS! 
probe, the use of the detection probe thatforms a uniquely detectable hybrid SKS^fiS 

A particularly preferred approach to the detection step involves the use of a labeled form of th» 
deletion probe. The label will be a native characteristic of the polynudeotideTo^ 
55 substance which has a detectabble physical, chemical, or JBSKSZ f.^S!7S£!SS!lS^ 
£5, mT 6 ' S ' ntrod " ced ' ft can be Hnked directly such as by covalent bondTtoth prob ^ or can be nnted 

»asLTO^p£^ detecteb,e substance in a mi ~ " 522 

3 S^ 8 ' SU ° h as u en2vmes < see Cli "- Chem. (1976)22:1232. U.S. Reissue Pal NoSlSfl u2dK Pa? 

Si - r 8 '"hlbrtors (see U.S. Pat No. 4,134,792); fluorescers (see Clin. Chem. (1979)25 353) 
chromophores; luminescers such as chemiluminescers and bioluminescers (see U.S. Pat No 4 380 580 : 
SS specifically bindable ligands such as biotin (see European Pat. Spec. 63,879 Vr a hapten (see PCT ptbl* 
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83—2286); and radioisotopes such as 3 H, "S, 32 P, 128 l, and 14 C. Such labels are detected on the basis of their 
own physical properties (e.g., fluoresces, chromophores and radioisotopes) or their reactive or binding 
properties (e.g., ligands, enzymes, substrates, coenzymes and inhibitors). For example, a cofactor-labeled 
species can be detected by adding the enzyme (or enzyme where a cycling system is used) for which the 
5 label is a cofactor and a substrate or substrates for the enzyme. A hapten or ligand (e.g., biotin) labeled 
species can be detected by adding an antibody to the hapten or a protein (e.g., avidin) which binds the 
ligand, tagged with a detectable molecule. Such detectable molecule can be some molecule with a 
measurable physical property (e.g., fluorescence or absorbence) or a participant in an enzyme reaction 
(e.g., see above list). For example, one can use an enzyme which acts upon a substrate to generate a 
^0 product with a measurable physical property. Examples of the latter include, but are not limited to, 0- 
galactosidase, alkaline phosphatase and peroxidase. 

Methods for preparing a label detection probe used in a preferred embodiment of the present 
invention are readily available from the prior art. When labeling probes one will employ synthetic 
approaches which are effective for modifying nucleic acids without substantially interfering with the ability 
; 5 of the labeled probe to participate in hybridization, and will select labels which are sufficiently stable under 
the conditions to be used for hybridization to enable their subsequent detection. Single stranded or double 
stranded regions of the probe can be labeled as desired. 

By way of example, the following approaches can be used in labeling probes. Radiolabeled nucleotides 
can be incorporated into DNA probes by methods such as nick translation and terminal labeling with 
20 terminal deoxynucieotidyl transferase. Radiolabeled nucleotides can be incorporated into RNA probes 
during in vitro synthesis with DNA dependent RNA polymerase from bacteriophage SP6 using the 
Riboprobe RM DNA template system from Promega Biotec, Madison, Wl. The method of Langer et ai [(1981) 
Proc. Nat'l. Acad. Sci., 78:6633] can be used to couple biotin to the primary amine of 5-{3-amino)allyluride 
and deoxyuridine triphosphates. These biotinylated nucleotides can be incorporated into double stranded 
25 DNA by nick translation or added to the 3'-OH terminus with terminal deoxynucieotidyl transferase. Biotin 
can also be attached to the 3'-OH terminus of RNA through polyamine [Broker, T. R., (1978) Nucl. Acids Res. 
4:363] and cytochrome C bridges [Sodja, A. and Davidson, N. (1978) Nucl. Acids. Res. 5:385]. Direct 
coupling of protein labels to probes can be accomplished by the method of Renz [(1982) EMBO Journal, 
2:817] who coupled 125 l-histones to denatured DNA with glutaraldehyde. Enzymes such as peroxidase and 
30 alkaline phosphatase can be linked to DNA probes by means of similar chemistry [Renz and Kurz (1984) 
Nucl. Acids Res. 12:3435]. Other chemistries for end-labeling DNA probes include that described by 
Eshaghpour et al [(1979) Nucl. Acids Res. 7:1485]. One or more 4-thiouridine residues can be introduced on 
the 3'-OH ends of DNA and the thiols reacted with various electrophilic low molecular weight reagents. This 
chemistry can be used to attach various haptens to DNA probes. Labeling with the hapten N-acetoxy-N-2- 
35 acetylaminofluorene is described by Tchen et al [(1984) Proc. Nat'l. Acad. Sci. 81:3466]. DNA and RNA 
probes can be reacted with N-acetoxy-N-2-ac^tylaminofluorene to yield an adduct having N-2- 
acetylaminofluorene residues attached at the 8-carbon of guanine. The covalently modified DNA can be 
detected with antibody raised against the N-acetoxy-N-2-acetyl-aminofluorene residue. The method of Hu 
and Messing [(1982) Gene, 17:271 ) can be used for adding labels to probes cloned into single stranded M13 
40 vectors. A universal primer, complementary to the region 5' to the cloning site, initiates DNA synthesis 
complementary to the M13 strand downstream from the probe sequence. Since the DNA polymerase will 
incorporate radioactive nucleotide triphosphates and biotin 5-(3-aminoallyl) deoxyuridine triphosphate 
into the new strand, those labels can be attached to the vector away from the probe sequence. The double 
stranded portion can also be modified by reaction with 8-azidoethidium. 
45 Another particularly preferred approach to the detection step involves the use of a detection probe 
system wherein the hybrid formed between the polynucleotide sequence of interest and the detection 
probe is antigenically distinct from its individual single strands. One is thus enabled to detect the presence 
of the detection probe in the immobilized fraction containing hybridized detection probe by adding an 
antibody reagent as discussed above that is selective for binding such hybrids. Preferred antibody reagents 
so will be those that are selective for binding double stranded nucleic acids over single stranded nucleic acids, 
e.g., those which selectively bind (i) DNA RNA or RNA* RNA hybrids or (ii) intercalation complexes. In the 
first instance, an antibody reagent selective for binding DNA* RNA hybrids will be useful where one of the 
detection probe and the sequence to be detected is DNA and the other is RNA, and in either case of course 
the separation probe will be RNA or DNA the same as the sequence to be detected. One can use an 
55 antibody reagent selective for finding RNA- RNA hybrids where both the detection probe and the sequence 
of interest are RNA and the separation probe is DNA. In the case of intercalation complexes, the assay will 
be designed so that the hybrids formed between the detection probe and the sequence of interest will 
comprise a nucleic acid intercalator bound thereto in the form of intercalation complexes. 

Immunogens for stimulating antibodies specific for RNA' DNA hybrids can comprise homopolymeric 
60 or heteropolymeric polynucleotide duplexes. Among the possible homopolymer duplexes particularly 
preferred is poly(rA) poly(dT) [Kitagawa and Stollar (1982) Mol. Immuno. 19:413]. However, in general 
heteropolymer duplexes will be preferably used and can be prepared in a variety of ways, including 
transcription of <|>X1 74 virion DNA with RNA polymerase [Nakazato (1980) Biochem. 19:2835]. The selected 
RNA- RNA duplexes are adsorbed to a methylated protein, or otherwise linked to a conventional 
65 immunogenic carrier material, such as bovine serum albumin, and injected into the desired host animal 
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S *w^ r il?f°L Meth - Enzymo1 - 70:701 - An «bodies to RNA RNA duplexes can be raised aaainst 
o£L Aic n nd h ed RNA f from ^"f* 8Uch « ""virus or Fiji disease virus whichinfecte suga cane amona 
^^uSo^btr 68 SUCh 38 PO, V^» P°'v(rC) or po<y,rA,po.y<rU>. S^cffiSE 

deteSio^svstam fv^r 8 " f ntib ° dV r8a9ent se,ective for intercalation complexes is emSoX *£e 
'S^i^^ baSe Pairs -J he primar V Wnd 9 in mtcSa^m wliiZal" 

defcctton pS S* ™Ts bT„ rJSS^T^* T» me< " , " ,, M "° "Vbnlftatlon b v use of a 
^CSKn^^^ -Irtnc, hytrt. for™,, b«we.„ «,. 

Si ToZa^ r hod K s i or coup,inB v-^Ssri 

to couple glucose oxidase to aStiboS Sill! ^® "aye <iescnbed a method for using maleimides 
glutaraldahyde (Vole^a?^ t0 an,ibod V with 

fluorescein by the method o Blakeslee and aiL~ m™ ^"' S3:55 }\ An ? bod,e8 030 °e labeled with 
labels can be'introdu^ed ^ 13:305 Chemiiuminescent 

any conventional labe as above Fu£^^^^ ,ab f forthe second antibod V * 

labeied protein A. as we., as other^ or the use of 
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Denaturation of nucleic acids is preferably accomplished by heating in boiling water or alkali treatment 
(e.g., 0.1 N sodium hydroxide), which if desired, can simultaneously be used to lyse cells. Also, release of 
nucleic acids can, for example, be obtained by mechanical disruption (freeze/thaw, abrasion, sonication), 
physical/chemical disruption (detergents such as Triton, Tween, sodium dodecylsulfate, alkali treatment 
5 osmotic shock, or heat), or enzymatic lysis (lysozyme, proteinase K, pepsin). The resulting test medium will 
contain nucleic acids in single stranded form which can then be assayed according to the present 
hybridization method. Additionally, the sample nucleic acids can be fragmented specifically or 
nonspecifically in order to conduct a particular desired assay such as where point mutations are detected 
by specific endonuclease treatment followed by dual hybridization restriction (see for example, European 

w Application No. 130 515). 

As is known in the art, various hybridization conditions can be employed in the assay. Typically, 
hybridization will proceed at slightly elevated temperatures, e.g., between about 35 and 75°C and usually 
around 65°C, in a solution comprising buffer at pH between about 6 and 8 and with appropriate ionic 
strength (e.g., 5XSSC where 1XSSC - 0.15M sodium chloride and 0.015M sodium citrate, pH 7.0) and 

is optionally protein such as bovine serum albumin, and a denatured foreign DNA such as from calf thymus 
or salmon sperm. In cases where lower hybridization temperatures are desirable, hydrogen bonding 
reagents such as dimethylsulfoxide and formamide can be included. The degree of complementarity 
between the sample and probe strands required for hybridization to occur depends on the stringency of the 
conditions. Factors which determine stringency are known in the art. 

20 Normally, the temperature conditions selected for hybridization will be incompatible with the binding 
of antibody reagent to formed hybrids and detection of the label response. Accordingly, any antibody 
reagent binding step and label detection step will proceed after completion of the hybridization step. The 
reaction mixture will usually be brought to a temperature in the range of from about 3°C to about 40°C and 
the binding and detection steps then performed. Dilution of the hybridization mixture prior to addition of 

25 antibody reagent is desirable when the salt and/or formamide concentrations are high enough to interfere 
significantly with the antibody reagent is desirable when the salt and/or formamide concentrations are high 
enough to interfere significantly with the antibody binding reaction. In the case of assays which involve the 
use of label binding partners or labeled antibody reagent to detect hybridization of the detection probe, the 
sequence of assasy steps will generally proceed as follows. The hybridization reactions will be first 

30 accomplished with the test sample commonly having been pretreated as discussed above. The two probes 
can be contacted with the test sample simultaneously or in sequence as desired. The immobilization and 
the contact of the labeled binding partner or antibody reagent can then be performed simultaneously or in 
either sequence. Finally, the label will be measured in the immobilized fraction or the remaining reaction 
mixture. Variations in these steps will be evident to one working in the art. 

35 

Reagent System 

The present invention additionally provides a reagent system, i.e., reagent combination or means, 
comprising ail of the essential elements required to conduct a desired assay method. The reagent system is 
presented in a commercially packaged form, as a composition or admixture where the compatibility of the 

40 reagents will allow, in a test device configuration, or more usually as a test kit, i.e., a packaged combination 
of one or more containers, devices, or the like holding the necessary reagents, and usually including 
written instructions for the performance of assays. Reagent system of the present invention include all 
configurations and compositions for performing the various hybridization formats described herein. 
In all cases, the reagent system will comprise (1) the firt, separation probe as described herein, (2) the 

45 second, detection probe as described herein, and (3) the immobilized reaction partner. A test kit form of the 
system can additionally include ancillary chemicals such as the components of the hybridization solution 
and denaturation agents capable of converting double stranded nucleic acids in a test sample into single 
stranded form. 

so EXAMPLES 

Use of solution hybridization and separation of hybrid for the detection of sickle cell anemia 

Steps: 1. Preparation of reactive separation probe 
2. Labeling of detection probe 
55 3. Preparation of support for immobilization of the hybrid 

4. Hybridization and separation of the hybrid and assay 

Methods of collection of patient's blood sample, isolation of test DNA, digestion of the test sample have 
been described in detail by Wilson et al U.S. Patent No. 4,395,486. The parent plasmid for the preparation of 
so probe b BR 322Pst (4.4K6) is also described in that patent. 

1. Preparation of the reactive separation probe 

1 mg of p BR 322 b Pst is digested with Alul and 737 base pair fragment is isolated from that digest 
according to Wilson et al (U.S. Pat No. 4,395,486). The 737 b.p. fragment is then digested further with the 
65 enzyme Ddel and the fragments 201 and 175 (base pair long) are separated and isolated from 4% 
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5?TI y IS n,dB 98 u Th . e 2 ? 1 b - p - fra 9™nt is used as the separation probe and 175 b.p. fragment is used as 
he detection probe As has been described before sickle cell mutation is at thJ . JuStaTof the twS 
fragments {U.S. Pat No. 4,395,486). Hybridization of both probes to a single piece o FDNAfi wment of sfee 
376 b.p. produced by Ddel digestion will indicate sickle mutation. fragment of size 

The invention will be further described in the following illustrative example with reference to the 

7uZVl a :\ ng WhiC . h i V fl0 , W ! heet ° f 3 proca8s '" accordance with the invent^ 
n Jn/mn r P fragmen ,s dl f 0,ved ,n °- 1 ml 1 ° nM borate buffer (pH 8.6) (separation probe 10) 1 ul 

raff^^^ is added and *■ ^**5. is 

h^l Jf ^ T u- - 5 ™ nutes Reparation probe A). Then 10 pi (1 mg/ml in dimethyl formamide) of N- 
hydrox^ucc.nim.do b.ot.n is added as the biootinylation agent 12 The mixture is left at t room tempe a° ure 
Eir ^ UrS - The , reaCt ! 0n ™T° iS dia,yZed e « 8 nsively against 10 mM tris HCI and 1 mM^DTMpH 7 2) 
tris EDTA bX P f ut S e *h ft,rth . e :, PU 1 fled bV P****" ^th ethanol. The solid is red^ssoTved iJ T 0 0*S 
tns-EDTA buffer. 1 pi of this solution is assayed for biotin using a kit purchased from Bethesda Research 
Laboratory, Ga.thersburg MD. This is biotinylated separation probe 14 (separatoin prabe B) 

2. Labeling of the detection probe 

3. immobilization of Streptavidin 

<r„ a ?,- m,Tierc,al ! 1 y n a ^i! ab,e 8tre P tavidi n «BRU is immobilized to agarose 22 by a known method 

Se s The* rino 22S ~ ^ iochemist fV «. » H972)). After immobilization It isVpt soa^dTn a°ge 
excess of herring sperm DNA solution in 1 mM tris 0.1 mM EDTA (pH co 7). 9 

4. Detection of Sickle Cell DNA in blood 

Th J 1 ?S . know V. hat the r estriction enzyme Ddel digests wild type (normal) and sickle cell DNA different!* 

Use of separation probe A with A with primary amine 

Since the probe after photochemical reaction with 4'-aminomethyl-4,5'dimethylangelicin 




will contain primary NH 2 residues they can be directly coupled to a solid 



55 



support containing 

C 
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N-O-C 
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residue 

(cuatrecasas of Parikh Biochemistry 11, 2291 (1972)) 
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strength. This process is done to reduce the Tm so that non-specific hybrids will melt at 30°C. Since the 
binding constant of biotin to streptavidin is high, dilution to this level does not create any problem of 
ligand-protein interaction. After dilution, the solution is incubated at 30°C for 15 minutes and then 1 ml 
agarose-streptavidin 22 (Example 3) in swollen conditon is added, stirred and centrifuged. The solid is then 
5 washed at room temperature 5 times with 1 mM tris 0.1 mM EDTA. The solid is then taken in a vial and 
counted in a scintillation counter for 32 P. This solid can be used for autoradiographic detection in usual 
manner. 

As has been described above, if there is any radioactivity above the background level on the bead, the 
DNA specimen is originated from a sickle cell patient or a carrier. If there is no radioactivity present on the 
jo beads, the DNA is from a normal blood sample. 

The temperature of hybridization, salt conditions and buffers can be varied. The specific conditions of 
hybridization are dependent upon the type of nucleic acids, length, sequence, size of the probe, etc. Instead 
of streptavidin, an antibody against biotin can be used for separation. Instead of biotin labeling other 
haptens, ligands or an oxidizable residue can be used as binder to the solid support. The label on the 
is detection probe can be, for example, a ligand, fluorophore or enzyme which can be assayed in known 
manner. Instead of using a Streptavidin coupled support of N-hydroxysuccinimide activated agarose is 
used the hybrid will form a covalent amide linkage via separation probe. 

It will be understood that the specification and examples are illustrative but not limitative of the present 
invention and that other embodiments within the spirit and scope of the invention will suggest themselves 
20 to those skilled in the art. 

Claims 

1. A method of detecting the presence of a particular polynucleotide sequence in a test sample, 
25 comprising the steps of contacting the test sample with a first, separation nucleic acid probe and a second, 

detection nucleic acid probe, said probes each comprising at least one single stranded base sequence that 
is hybndizable with a mutually exclusive portion of the sequence to be detected, the separation probe 
comprising additionally a reactive chemical group capable of forming a stable covalent bond to a reactive 
solid support, such contact between the test sample and probes being effected in solution under 
30 hybridizing conditions, contacting the resulting solution with the reactive solid support under conditions to 
form said stable covalent bond with the reactive chemical group in the separation probe, separating the 
resulting immobilized fraction from the remaining solution, and determining the presence of the detection 
probe in the separated immobilized fraction or in the remaining solution. 

2. The method of Claim 1 wherein the reactive chemical group in the separation probe is selected from 
35 — NH 2 , — SH, — COOH, 

OH 0 

I II 
— P— OH, — CH, and— OH. 

II 

O 



45 



50 



55 



60 



3. The method of claim 2 wherein the reactive solid support is selected from 

HO-suppbrt, 

.0 0 

<A II HS-solid support, [p.,, y^Ln-support, 

support, \JT 



o V 



solid support, 

O 

or OHOsolid support. 

65 4. The method of any of Claims 1 to 3 wherein the detection probe comprises a detectable label and 
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wherein the presence of the detection probe in the separated immobilized fraction or the remaining 
solution is determined by measuring such label therein. 

4. The method of Claim 4 wherein the detectable label is an enzymatically active group, a fluororescer, 
achromophore, a luminescer. a radioisotope or a specifically bindable ligand which can be determined by 
binding with a labeled binding partner therefore. 

nf SUl °I a ." y • f C ' aim f 1 10 5 Wherein the hyfarid formed between the Polynucleotide sequence 

of interest and the detection probe is antigenicity distinct from its individual strands and wherein the 
° f 1,18 d ftect'on probe in the separated immobilized fraction is determined by binding with an 
antibody reagent that is selective for binding said hybrid and measurement of the antibody reagent that 
becomes bound to such separated immobilized fraction. 

7 ; A reagent combination for detecting the presence of a particular polynucleotide sequence in a test 

^S'nT"" ," 9 ] 1 a first, separation probe (2) a second detection probe, said probes each comprising 
at least one single stranded base sequence that is hybridizable with a mutually exclusive portion of the 
Sw!!!" . 6 detected ' the separation probe comprising additionally a reactive chemical group capable 
iSSTXI 8 covalent . bond t0 a reactive solid support, and (3) the reactive solid support, wherein the 
reactive chemical group in the separation probe is selected from — NH 2 , -SH, -COOH, 

OH 0 

I II 
— P— OH. — CH, and —OH. 

II 

0 

and wherein the reactive solid support is selected from 

HO-support, 

<°\ 

support. 
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° o 



support, f \ ^Q^L H . supP ort, 




or OHC-solid support 

56 sequent K^^™*"**™ ° f C ' aim 7 for detectln ° the <* - Pabular polynucleotide 

Patentanspruche 

60 u JJ 6 £ ren Nachweia einer spezieilen Polynukleotidsequenz in einer Probe, das die Schritte 
tSSL da8S n ma " die Te «Prebe mit einer ersten Nukleinaaure-Separationssonde und einer Sen 
Nukle.nsaure-Detektionssonde in Berflhrung bringt, wobei jede dieser Sonden weniostenT ein« 
emzelstring,ge Basensequenz, die hybridisierbar mit einem sich gegenseitig auiSliessendJn Tei. de! 

ss Sru„„rH- Se en H SeqU8nZ ist '. umfasst < wobei Separationssonde zusatzlfc h eine reaSve chemische 
65 Gruppe, d.e sich dazu eignet, eine stabile kovalente Bindung an einem reaktiven festen Trager zu Widen 
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umfasst, wobei ein solcher Kontakt zwischen der Testprobe und den Sonden in Ldsung unter 
Hybridisierungsbedingungen bewirkt wird, und man die sich ergebende Ldsung mit em reaktiven festen 
Trager unter Bedingungen in Beruhrung bringt, bei denen die stabile kovalente Bindung mit der reaktiven 
chemischen Gruppe in der Sepa ratio nssonde gebildet wird und dass man die sich ergebende 
immobilisierte Fraktion aus der zuruckbleibenden Losung abtrennt und das Vorhandensein der 
Detektionssonde in der getrennten immobilisierten Fraktion oder in der zuruckbleibenden Ldsung 
bestimmt 

2. Verfahren nach Anspruch 1, bei dem die reaktive chemische Gruppe in der Separationssonde aus 
-NH 2 , — SH, — COOH, 

OH 0 

I II 
— P— OH, — CH, und —OH. 

II 

0 

ausgewihlt ist. 

3. Verfahren nach Anspruch 2, bei dem der reaktive teste Trager aus 

O 



OH-Trager, 





N-0-C-(CH 2 ) n -fester Trager, HS-fester Trager, 
O 



oder OHC-fester Trager ausgewahlt ist. 



fester Trager 



4. Verfahren nach einem der Anspruche 1 bis 3, wobei die Detektionssonde eine nachweisbare 
Markierung enthalt und das Vorhandensein de Detektionssonde in der abgetrennten immobilisierten 

40 Fraktion oder der zuruckbleibenden Losung bestimmt wird, indem die Markierung darin gemessen wird. 

5. Verfahren nach Anspruch 4, bei dem die nachweisbare Markierung eine enzymatisch aktive Gruppe, 
erne fluoreszierende Gruppe, ein Chromophor, eine lumineszierende Gruppe, ein Radioisotop oder ein 
spezifisch bindender Ligand, der deshalb durch Bindung an einen markierten Bindungspartner bestimmt 
werden kann, ist. 

45 6. Verfahren nach einem der AnsprQche 1 bis 5, bei dem das zwischen der interessierenden 
Polynukieotidsequenz und der Detektionssonde gebildete Hybrid in seinen einzelnen Strangen antigenisch 
charakteristisch ist, und bei dem das Vorhandensein der Detektionssonde in der abgetrennten 
immobilisierten Fraktion durch Bindung an ein Antikorperreagens, das selektiv im Hinblick auf die Bindung 
dieses Hybrids ist, und durch Messung des Antikorperreagenses, das an eine solche abgetrennte, 

so immobilisierte Fraktion gebunden wird, bestimmt wird. 

7. Reagenskombination zum Nachweis des Vorhandenseins einer speziellen Polynukieotidsequenz in 
einer Testprobe, die umfasst: (1 ) eine erste Separationssonde, (2) eine zweite Detektionssonde, wobei jede 
dieser Sonden wenigstens eine einzeistringige Basensequenz, die hybridisierbar mit einem sich 
gegenseitig ausschiiessenden Teil der nachzuweisenden Sequenz ist umfasst, und wobei die 

55 Separationssonde zusatzlich eine reaktive chemische Gruppe, die zur Bildung einer stabilen kovalenten 
Bindung an einen reaktiven festen Trager geeignet ist, umfasst, und (3) den reaktiven festen Trager, wobei 
die reaktive chemische Gruppe in der Separationssonde aus — NH 2 , — SH, —COOH, 

OH 0 

60 | I 

— P— OH, — CH, und —OH 



65 ausgewahlt ist, und wobei der reaktive feste Trager aus 
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N-0-C-(CH 2 ) n -fester Trager, 



HS- fester Trager, 



NH-TrSger, 



oder OHC-f ester Trager ausgewahlt ist. 



ester Trager 
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Revendicatlons 

eVh-LK?* d ? detection de ,a Presence d'une sequence polynucleotidique particuliere dans un 
SwSSI,?* d . , 6 Une " aison covalente stable avec un support solide reactif le contact 

est ch*^™^^t-^Hj/— SH — COOI"l d8n8 la ^ Ue * '* ^ rou ' )e chlmiqtte ttactif dans la sonde de separation 

OH 0 

I II 
— P— OH, — CH, et —OH. 

II 

0 

3. Procede selon la revendication 2, dans lequel le support solide reactif est choisi parmi 
HO-support aolide, 

0 

II 

N-0-C-(CH2) n -support 
0 



HS-support solide, 



vv 




(/ ^^C-NH.support, 



support solide. 



ou OHC-support solide. 
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4. Procede selon I'une quelconque des revendications 1 a 3, dans lequel ia sonde de detection 
comprend un marqueur detectable et ou la presence de ta sonde de detection dans la fraction immobilised 
separee ou dans la solution restante est determinee par mesure de ce marqueur. 

5. Precede selon la revendication 1, dans lequel le marqueur detectable est un groupe a activite 
enzymatique, un corps fluorescent un chromophore, un corps luminescent, un radio-isotope ou un ligand 
a liaison specifique, qui peut etre determine par liaison avec un partenaire de liaison marque\ 

6. Procede selon I'une quelconque des revendications 1 a 5, dans lequel I'hybride forme entre la 
sequence polynucleotidique a laquelle on s'interesse et la sonde de detection est antigSniquement distinct 
de ses bnns individuels et dans lequel la presence de la sonde de detection dans la fraction immobilisee 
separee est determined par fixation avec un redctif de type anticorps qui est sdlectif pour la fixation dudit 
nybrtde et mesure du reactif de type anticorps qui s'est fixe a cette fraction immobilisee separee. 

7. Combinaison de reactifs pour la detection de la presence d'une sequence polynucleotidique 
particuhere dans un echantillon d'essai, comprenant (1 ) une premiere sonde de separation, (2) une seconde 
sonde de detection, lesdites sondes comprenant chacune au moins une sequence de bases monocatenaire 
qui peut s'hybrider avec une portion a exclusion reciproque de la sequence a detecter, ia sonde de 
separation comprenant de plus un groupe chimique redctif capable de former une liaison covalente stable 
avec un support solide reactif et (3) le support solide reactif, ou le groupe chimique reactif dans la sonde de 
separation est choisi parmi — NH a , — SH, — COOH, 

OH 0 

I II 
— P — OH, — CH, et— OH 

25 0 
et ou le support solide reactif est choisi parmi 



w 



15 



20 



30 HO-support solide, 

35 I N-0-C-(CH2) n -support solide, 



40 



45 



HS-suppon: .olida, Qn C-NH- SU pport, 



\r\r 



0 

support solide, 



O O 

SO 



ou OHC-support solide. 

55 seauence n S £nr^ ^ de ,8 revendic ^ion 7 pour ia detection de la presence d 

55 sequence polynucleotidique particuliere dans en echantillon d'essai. 
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